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iXMmmXi] 2002.10.18 

SSI ^\m -m sxis m^. zi°i g^a ^ nm ^mm^ 

S^SSl NEGATIVE ELECTRODE FOR LITHIUM-SULFUR BATTERY, METHOD OF 

PREPARING SAME. AND LITHIUM-SULFUR BATTERY COMPRISING SAME 

[Sijj &^^o^l^po^ol ^^5iA^ 
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[SSI ^oi^sisei 
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804S 
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OS OS! 
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[fe'A^S^Sl 16 m 621.000 S! 

650.000 S! 

[S^AIWI 1. fi^^AH- S>MIA!(£S)_m 
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^ ^^l-§- ^12: ^J-'^ ^ S.^^}^ ^;^l<Hi ^tb 

^^S.^^. ^7] ^7] ^ofl 50 5000A^ ^^IS ^^^5)31. 

1 X 10-10 S/cm oj^i-o] o]^ ^££1- el# i^^m ^^e^f^; ^ 

^^-71 ^i££7> -f=^*>JL. ^^l^c>l Sic]-. :£tb. ^ 
£ 1 

UPON, ^^-lel^ 
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^^l-§- 1}-^ ^ ^» ^^1 {NEGATIVE ELECTRODE 

FOR LITHIUM-SULFUR BATTERY, METHOD OF PREPARING SAME. AND LITHIUM-SULFUR BATTERY 
COMPRISING SAME} 

£ 1^ ^ ^^1<^1 2<^1 ^^l-§- XPS ^^^^S 

2> [Xj-cy>^ Ol^ «0>] 

3> ^ ^^l-§- =L9] ^ 0.m S.^^^ ^^1^1 ^tb 

^l-§- ZL^l ^12: tij.,^ ^ Hi- ^^1<^1 ^oi4. 

5> ^i:fl ^7>7l7l^ ^^^S. 7}^JL 31-%-^ ^^]6\] t!(\^ ^^7} :Qr^^■ ^7}t}jl ^cf. 

o]B^^ ^>^A]7l^ Oj^l- ^^IS oj:^ Al-g-s:>^ 
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<6> ^^1^ ^^(Sulfur-Sulfur bond)^ 7}:^]^ % Tj]^ ^^1"* 

-§-Al(«J-^A]) s-S ^^ol §<H;^l^Ai ^^^71- ^:d^«>Jl, ^-§-^l(f^^^l) S^ 

<7> ell- 7>^ji oim^i ia£7l- ^-^srH el#-^ €^l<=>11^i -g-^ A>-g- 

^ ^-os.^ ^e<^l^ ell- S'S^ ^ ^fe ^^^ofl ^^7> ;5l^£lJi 

^cf. ne^uf cfls^l^s. <?l^£|Ji ell- ol^^^^io] LIPONCLithium Phosphorus 
Oxy-Nitride)^ ^-f ^S.^ ^^o] 7>>i ^^7] ^HjA^ «j-^-9LS ^Aji^) 

ell- ^^S^'Hl ^^^^l7lJi:^l- ^ ^-f 7>>i ^ Li3P04 eI-^ ell- 
'^l 'LV-S-^M ell- S^<H1 ^^i-^oi Dflo. ^^^-^21 cl-^>^^ Bll- Sl-^l-o] «- 

<8> 'a-^l*>7l ^*><^, ^7l| ;^1 2002/0012846 AK^l^ Moltech A»ofl^ e)^ 

iL^<Hl .e.^^^ ^^^s:>^ ^^<^l^i ell- S^a^ :a.J:^ ^ ^^^el^o] 7l#£l 
Slcf. ^^^el^^ l-ef^^V CO2 ^-lelsl- 7\^^^ #^21- ell- JL^a^^l av-g-o.^ ^ 
^^51^ LigCOs ^^Jsloi SXT]^, ^el ^fil e)i-3i- ^7)1 ^^^^ ^ #^0. 

S T^^^^'H ^e-m CO2 7>>^iSJl-sl tiV-g-ofl o^^ ^A^^ Li2C03 ell- <^1^ ^iE£7> 

^^HC-y-^'^l^i 1 X 10-12 s/cm cl^», ell- ^711 ^ Si 

^ Al nfl-f ^ -^^^oi =^2i^ ^<>V^^^-%: <^>7lAl7l^ 
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^ ^^l-§- ^12: ^t!- ^<^li=f. 

<ii> ^ ^^^^ a rfs. s.^ o. ,^7^ 0.^0. jc^gr].^ ell--^ ^^11- :^1^*>^ 

<i2> ^^^^>7l ^ sl# ^71 el# ^a-*:-!! 50 ifl^l 5000 

^711^ 1 xio-io S/cm oj^s^ o]^ ell- o]^ 

5£^^>^ ^ ^^-71 ^^Bl# ^<H1 ^^^^ Hl# i^^>fe 

<13> ^ ^VT^ o. B]# ^ofl 1 X 10-10 S/cm o]^ ^-££1- el# o]^ ;^ 

<14> ^ ^>7l %, % 7^1<i ^ oll-o^ ^^^^ o] ^0^:51 ^ofl 

>H ^^5)^ "^^^ «-#^-ir 5E.^*>^ <a=^; ^ ^«fl*-^^ 5LW^ ^^11- ^1^*!-T=1-. 

<i5> oi^> ^ ^'^^ :a.4 ^MM?]] ^^^x:^. 
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<16> ^ El#-% ^;^l-g- -g-^o.^ ^>-§-^^ ^^-^flo:) «j.;^l§> 

^^^^^ t!^\K^J^S. ^^51 ZL ^fe <^1^^S.^1^1 LIPONCLithiura Phosphorus 

Oxy-Nitride)5] ja.:^^ ^'^^ -g-^o] ^dt 7>>i ^^7] ^H^i :ii5JlEl^ 

:E.S. ^^i^oll ^>^^Al7lJl^> ^ 7l->i ^ Li3P04 #^311- 

S]:-§-^H 2l# S^<H] ^^^o] ^B-f ^%=tb ^^^^ t^^^i «- 
^^^s]^ ^^11- «J-;^lH>7l ^t!: ^^^-§- ^>^#-9.SAi, o]^ SE^ 

<17> ^ «v,^o^ 1 X 10-10 S/cm o]^, w>^^ ^1-711^ 1 X 10-10 S/cm ^^1 1 xiO-6 

S/cm^ e1# el# ^A^^ ^>7l sl-t^-^ isl 

<i8> mn^ 1] 

<19> LixPOy 

<20> ^ojjA^ , 2 < X < 4, 3 < y < 5) 

<2i> Aj-7] 5}.^^^ ^sfl ^^e^f^o.^ >^>-§-5lia #^ ^ *>M-<y Li2C03<^l ttl^H 100 xfl^l 
lO.OOOtifl^ 7}^]B.S., Li2C03«^l wl*l-<^ mV^ oj^o. 

<22> a^V, ^V7l ^311 ^^7} 7lS] ^5fl ^^^^l^O.^ ^l-g-S)^ 

^ ^VM-^ ^A^o] ^o]^ ^^o] ^A^Al ^2^7> nfl^ ^6)1 rtj.^ 

^^1^^ <^>7l^>^l ^^Cf. 
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<23> S.^^}^ ^ e)# o] 

^oHl ^^^^ ^ -^Hl ^^^^ ii^f^^ 

<24> .^7] ^^H^^o^ ^^]^ 50 ifl^] 5000A<^1 wl-^3]B^>cf. ^^el^sl -^^^IjV 50A 

^-§-^1-^51-0.^^^0^ 7]-ol ^^^>;^1 ^rf^ ^>|17> ^Jl, 5000A:a.tq- ^-fofl 

<25> 511- ii^^o. LIPON(Li2.9P03.3No.46)* if-^M , n -^^1^ lOOOA ifl^] 50 

/an^lcl-. #^ JiJl#2l ^^]7} 1000 A ^1^<^1^ :e.:&#-^S-A-l fi] 7]^o] 

50 Arni^cf ^^^^^a -^^(^^1)7)- oflui^l ^£7V ^o\7^ wV^^^M 

<26> ^V7] ^^j^ ^ el#-% ^^1^ :^]2^ ^-^4 ^cf. 

<27> 1 X 10-10 S/cm o]^Vo^ 511- o]^ Sll- <^1^ 1-^^ Sll- ^ 

a^<y ol^l 5]# o]^ ^Jt^l-el LIPON ^^^A] ^dn ^^7] s^Hl^i ^^t!: #^<^lcf. 

*H1>H -^^l^Vfe Bll- fi^<Hl «}:-§-<Hl ^t!: ^-a:!-* ^^^^l^l^l ^^E-S. h> 

^^^>^. 

<30> ^1-71 ^aj- ^^oflA^ e^l- o]^ ^^o^ ^SS^ Li3P04 Li20sq- PgOs* 

<3i> ^7] >^7l Bll- o]^ ell- ^<^1 ^^^^1^ ^ <HiE| 

^Al^ ^ Xl-^'^. =L cfla^oi o^ls^ ^j£)E-l^i^. ^ #^^(electron 
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beam evaporation), ^ #^^(vaccuin thermal evaporation), «Ha-5llc>]^( laser 

ablation), 7]^ ^2|->^ , <g ^^(thermal evaporation), ^^^^} 7]^ ^^"^ , ^] 

o]^ 7]^ ^ 71^ ^^h'g # ^ $X^. 

^7l<HlA-l ^Al^>c^ ^o] LIPOMA ell- ^l^tb^-. ^i-7l 

€^ >a-7l -^S ^<a^l-7ll Li3P04# AV-g-tl-cl-. 

Jl^l el-i- ^£^15. wJ:ZL LIP0N(Li2.9P03.3N o.46 : Lithium Phosphor 

Oxy-Nitride) :^]3^<^] Li3P04# a] 3]- ^^S. ^}-%-^}B.S. LIPON H ^^^-^ ZLcflS 

<34> ^ ^t^o^ S.^t}^ ^^1^ % €:il(S8). % ^ 

'^J^ ^7l % Till s^^l-^ Li2Sn(n >1), ^7] 

% sl-^l- ^ ^B]Dl((C2Sx)n: x=2.5~50. n >2)S. o]^o]:^ ^ci\]A^ ^^5)^ *>M- 

<35> ^ ^vt^o] el#-% ^«^fl"5fl^ i^^H, ^«fl^^ -H-71 ^nflsq. ^«)l<g^ 

^q-. 2o]^Q^ ^7] -g-Dfl* Af^*]-^ ;g o. ^^11 



<36> 
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^ ^VivilolH. ^^A>ol^ S).^^, ^§ Sl-^l-. oll^Efle Sj-^l-, ^3J|)o]B 

e ^^^IH, Bl# -g-nfl^ ^^1-, ollEfls N, 0, 

S oi^-o^ 2,^0] ^lEfl^ jie^ el#^^<:>ll <?]:^t!: SEKSolid 

Electrolyte Interface) ^^^^>^ ^1^-^ ^><^1# JL^Ccycle ef f iciency)*^! 50% <^]^^A 

<38> ot^ ^ufl^ ^^I2^<y <^1S.^ ^V'a ^(xylene). 2-^]^n^^^\o\^ 

S.^^, ^^<^]^ "c^n^ ^^]'% <^lEfls, cloll^ <H]Efls, x:]^ 

<39> -g-Dflsl ^^1^^ ojlS^ ^A>pfl^ i>iJLe^ BBlo].p>ol^(hexaraethyl 

phosphoric triamide). ^i^]— ^HlSMS^, T'Vja.vilolH, HS^^ 

3,5-i=1f|l^ c,l^A>2.^ 2,5-tqDll^ ^ft, 2-1^1^ 4-i:^1 ^c^^^^i: ^o] 
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# ^1^ ^>-§-l- ^ ^4. <=>M, 0.6 2.0M i^oil^i A>-g.^>^ 

^o] H>^3j§>c^, 0.7 ^fl^l 1.6M tfloll>H >^>-§-^^ 1=1^ «>^^*>t^. e1#'Ssl ^S. 
7> 0.6M oloVojig ^£S7> ^o>;^ ^^:^ol ^-I^VtlJi. 2.0M* ^3).^>^ 7^^<>{\ 

^ ^sM^ ^£7> ^7>5rH 2l# '^l^^ '^l^^^^l ^^S)^ o;iT:f. 

<42> o]t} ^ n}^^^ ^A]d\] ^ ujiiic^l^ 7]^m^. ^siq- ^>7lt!: ^^1<^]^ ^ ^ 

<43> (^Al<:^l 1) 

<44> 31 ;g 401^] Li3P04* El-TjlO.^ sr>ci^ <^l-^^.«.o]7l^ g^To^r ^ 300W RF ^Hl^i 

10^^ #^>*H ^ 500A ^^^^^ ^H] ^^^^>^cf. zl ^ ^<^t}- bI-tji 

^^7], 5mTorr, 200W RF *H1>H 2^1:?]: ^3h*><^ ^7] >^oil 

LIPON ^^^^H ^lS^>5^i:f. 

<45> (n]M<^] 1) 

<46> ^^i^B^f^ ^^-i: -M^l^V^l ^l^sl-ji^ ^1-71 ^Ajc^l IJI]. ■^<^^>7fl ^Al5> 

<47> >^i-7l Hliiic^l ^^^s]^ ^Ajs^H ^ji, LIPON f^^i-^ Ajstb ^ 

^^i^ ^ LIPON AliEt!" 1^ e1# :zcfl^ -e-^l3£l^x:l-. 

^^^V^ Bfl^H'^l^i -^tb 7>>i7> ^^5^o,^>y^ LIPON e)# $«a€r>ai 
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LIPON^ ^^7l» jL3q-2^^^ ^m^<^ S^<^] LIPON S-'a^l-Ji ^^^tII 

<49> (^Alc^l 2) 

<50> ^X\c^] iJJf ■g-<a*V #3}- S^o.^ LIPON ^^^5^>^-^i^ 71^1)^^ ^ 

^}-%-^}^ LIPON#^ 2:A>*H ^4:: €^>^ -^-¥-1- ^^*>5l 

cf. ^^^^ XPS(X-ray Photo-electon Spectroscopy)* ^>-g-s^>^^i^ ^'^] 
'U^-^ ^^m^^. S. 1^ n. ufEfi^ ^ o.^ 5Lf-*l-Ji l#(LIP0Nf^)4 

<51> ^ ^Vtgo^ ^^]^%^-B: o]^ ^-££7V ^4^^>J1. -^51 ^%o^ ^ 
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l^i^^^ 11 

^71 e|# ^oll 50 vfl^l 5000A^ ^^IS. ^^^S]JL, 1 XIQ-IO s/cm ^l^S-^ <5l^ 
[^^^d- 2] 

^] 1 el# o]^ ^:£^^ LixP0y(2 < X < 4. 3 < y < 5)^ e)# 

3] 

^1 1 *d-«^l ^^7] e1# o]^ ^lEA^ ^^o^ ol^ ^JE£^ 1 X 10-10 S/cra tfl^l 1 

xiO-6 S/cm«?l el#-% ^;^l-§- -g-^. 
[^d^*d- 41 

^1 1 Sl^H^i, jaJlf^^ LIPON(Li2.9P03.3No.46)* i^^V^ ^ 

^^l-§- 
[^^*d- 51 

^1 1 *d-<^l ^^y] ^^1^ lOOOA vfl^l 50;fln^ b11-% 
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ell- ^'='11 1 X 10-10 s/cm oj^o^ o]^ ^££1- 51 # o]^ 1-^^ JiL 

^71 ^^^Bl^o] ^2}-^ >a-oii ei# ^^^^ 

7] 

^1 6 *J-<^1 ^<H^i, o]^ ^3£A^ LixP0y(2 <x<4, 3<y< 5)^ 

^1 6 «J-<^1 9X'^^^, ^>7l o]^ ^^o^ o]^ ^5.^^ 1 X 10-10 S/cm vflx] i 

xiO-6 S/cm'a ^12: 
9] 

^<H^ ^'^'fl^i ^^5]^ ^A9l ^]3i 
10] 

^1 6 %<H1 ^7l Bl# LIPON(Li2.9P03.3No.46)* ^1 

111 

^1 6 ^o1>H. ^71 2l# lOOOA vfl^^l 50;:fln«?l ;*fl2: 1}-^. 
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I^^^^J- 12] 

s]# ^^7] ^ofl 50 Ml^^l 5000 AS] ^^^1^ i xiO'io S/cm ^1 

^^^^ S.^^^ 

131 

^1 12 ^<^1 ^<H^i, ^7] El# o]^ ^3E^^ LixP0y(2 <x<4, 3<y< 5)91 ^ 

^^1 . 
[^^^J- 14] 

^1 12 9X'=>]^^, ^7] o]^ ^^oj o]^ 1 X 10-10 S/cm ifl^l 1 

xiO-6 S/cra^ ^^1. 
[^T^^ 15] 

^] 12 «J-<^1 ^7] e]# iSLf-^ LIPON(Li2.9P03.3No.46)^ 5L^*>^ s] 

16] 

>11 12 ^^^i. ^71 sl# ^^^1^ 1000 A tfl^l 50/[ffli^ 2:1 ^^1. 
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I£ 11 
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